Detection of DNA from herpes simplex virus in cerebrospinal fluid (CSF) samples by polymerase chain reaction (PCR) analysis has been shown to be more sensitive and specific for the diagnosis of herpes simplex encephalitis than isolation of herpes simplex virus from biopsy specimens of brain tissue. Because of the invasiveness of brain biopsy, it has been suggested that PCR analysis of CSF may reveal a wider spectrum of the disease than has been previously recognized by brain biopsy studies. In this study, PCR assay of CSF samples obtained from 29, 12, and 8 patients with focal, mild, and diffuse encephalitis, respectively, was performed. PCR assay was positive for 15 (51.7%) of 29 patients with focal encephalitis and three (25%) of 12 patients with mild encephalitis. The correlation between temporal abnormalities shown by electroencephalography, computed tomography of the brain, or cranial magnetic resonance imaging and a positive PCR assay was high. PCR analysis has revealed that atypical and less severe forms of encephalitis are caused by herpes simplex virus.
Herpes simplex encephalitis (HSE) is an acute devastating
Patients and Methods infection that causes significant mortality and morbidity [1] .
Patients. From July 1993 to March 1996, all patients with The clinical picture of the disease has been recognized in pasuspected cases of HSE who were admitted to eight different tients undergoing diagnostic brain biopsy; this procedure remedical institutions in São Paulo and Campinas, Brazil, were veals the involvement of temporal lobes and orbital portions prospectively enrolled in this study. Forty-nine patients fulfilled of the frontal lobe. The clinical presentation of HSE includes the following criteria: the presence of fever and/or pleocytosis a syndrome of acute onset characterized by fever, headache, and involvement of the CNS as evidenced by at least a reduced seizures, focal neurological signs, and impaired consciousness level of consciousness, convulsions, pathological reflexes, focal [2]; however, cases of atypical HSE have also been reported neurologic signs, disorientation, personality change, and/or [3 -7] . memory disturbance. All of these patients were empirically It has been suggested that the utilization of a noninvasive treated with intravenous acyclovir (30 -45 mg/[kgrd]) for at method for the diagnosis of HSE could redefine the range of least 7 days. At least one CSF sample obtained during the first clinical presentations of HSE [1, 8] . Recently, detection of week of acyclovir therapy was available for PCR analysis.
DNA from herpes simplex virus (HSV) in CSF samples by
Clinical evaluation. Clinical data were prospectively col-PCR analysis was shown to be more sensitive and specific for lected on case record forms; these data included historical findthe diagnosis of HSE than conventional methods, including ings (history of HSV infections, fever, seizures, and personality isolation of virus from biopsy specimens of brain tissue change) and results of neurological examination at the time of [9 -14] . Therefore, prospective studies using this technique admission (level of consciousness and findings of cranial nerve, may be useful for defining the spectrum of clinical manifestamotor, and sensorial evaluations). All alert patients underwent tions of HSE. In the present study, clinical and neurodiagnostic mental evaluation; this evaluation included the evaluation of data for 49 patients with encephalitis were analyzed. PCR assay time and place orientation, immediate and short-term memory of CSF samples for detection of HSV DNA was used to confirm (asking the patient to memorize three words and testing the the diagnosis of HSE.
patient's immediate recall and recall after 5 minutes), and language (fluency, comprehension, repetition, naming, writing, and reading). Neurological diagnostic investigations were per-minor neuropsychological deficits; moderate impairment, reFollowing digestion with Hha I, the pol primer products underwent agarose gel electrophoresis. The biotinylated gB primer turn to home but limitations due to motor, speech, memory, or seizure disorder; severe impairment, supportive care; and death.
products were placed on a microplate (Cenetron Diagnostics, Austin, TX) with oligonucleotide probes bound to the wells. According to the above-mentioned data, encephalitis was classified as focal, mild, and diffuse. The following criteria
The probe sequence used in this assay was described elsewhere [14] . Biotinylated amplified target DNA was hybridized in the were used: focal encephalitis, focal neurological symptoms (motor deficit, sensory abnormality, cranial nerve deficit, visual wells, and then the wells were washed; avidin -horseradish peroxidase (Cenetron Diagnostics) and a chromogenic substrate field disorder, and aphasia) revealed by neurological examination or localized abnormalities shown by neurodiagnostic tests; (Cenetron Diagnostics) were used to detect the DNA. An absorbance of ú0.15 at 450 nm was considered positive. diffuse encephalitis, nonlocalizing neurological symptoms (reduced level of consciousness, disorientation, and personality Statistical analysis. A two-tailed Fisher's exact test was used to compare the clinical and neurodiagnostic data on PCRchange) and normal or nonlocalizing findings of neurodiagnostic examinations; mild encephalitis, either focal or diffuse enpositive cases with those on PCR-negative cases. The likelihood of a positive PCR assay and localized temporal abnormalcephalitis without a severely reduced level of consciousness (Glascow coma score, ú13) and normal results of neurological ities revealed by neurodiagnostic tests was estimated by logistic regression. Exact 95% confidence intervals for the proportion examination after completion of treatment.
PCR assay. All of the assays were performed in two differof patients with a reduced level of consciousness and the proportion of patients who died were used to assess the severity ent laboratories: the Clinical Virology Laboratory, Tropical Medicine Institute, São Paulo, and the Clinical Virology Laboof disease in the patients for whom the diagnosis of HSE was confirmed by PCR analysis. ratory, Department of Pediatrics, University of Alabama at Birmingham. Two primers were used: one that amplifies a 179-bp region of the DNA polymerase gene (pol primer) and one Results that yields a 149-bp product from the glycoprotein B gene (gB primer). The primer sequences were previously described [14] .
Patients and results of PCR analysis. The mean age of the 49 patients { SD was 33.8 { 19.6 years (range, 1.5 -92 years). CSF samples were boiled for 10 minutes and spun in a microfuge for 15 minutes at 4ЊC. The PCR reaction mixture contained Fifty-one percent of the patients were male. Twenty-nine patients (59.2%) had focal encephalitis, 12 (24.5%) had mild 101 buffer II (10 mM Tris [pH, 8.3], 50 mM KCl), 1.5 mM (pol primer) or 2.5 mM (gB primer) MgCl 2 , 2.5 U of Taq encephalitis, and eight (16.3%) had diffuse encephalitis. There was no difference between the results found at the polymerase per reaction, 1 mM primer, 100 mM deoxyadenosine triphosphate, 100 mM deoxycytidine triphosphate, 100 mM two sites where the PCR assays were performed. The PCR assay was able to detect 100 copies of the positive control. deoxyguanosine triphosphate, 100 mM deoxythymidine triphosphate, 200 mM deoxyuridine triphosphate, 0.04 U of uracil Postamplification hybridization confirmed the specificity of all amplified products but did not enhance the sensitivity of the N-glycosylase, and 10 mL of the CSF sample. Taq polymerase was previously incubated with TaqStart antibody and TaqStart PCR assay. HSV DNA was detected in CSF samples from 18 (36.7%) of 49 patients. Of the patients for whom PCR analysis dilution buffer (Clonetech Laboratories, Palo Alto, CA) at room temperature for 5 minutes.
was positive, 15 (83.3%) had focal encephalitis, and three (16.7%) had mild encephalitis. PCR analysis was positive for The following cycles were used: 2 minutes at 50ЊC (1 cycle), 10 minutes at 94ЊC (1 cycle), and 45 seconds at 94ЊC, 64ЊC, and 51.7% of the patients with focal encephalitis and 25% of the patients with mild encephalitis. There were no cases of diffuse 72ЊC (35 cycles). Twenty microliters of the amplified products underwent electrophoresis on a 3% agarose gel containing 0.8 encephalitis in which PCR analysis was positive (table 1) . The frequency of positive PCR analysis was significantly higher in mg of ethidium bromide/mL. A positive result was based on a 149-bp (gB primer) or 179-bp (pol primer) band observed cases of focal encephalitis (P Å .014).
Clinical findings. The clinical findings on the PCR-positive under ultraviolet illumination; the band was registered on Polaroid film. Progressive 10-fold dilutions of HSV DNA and PCR-negative cases are listed in table 2. There were no significant historical and clinical differences between PCR-(Sigma, St. Louis) were used as positive controls. Sterile, filtered diethylphosphoryl cyanide -treated H 2 O pyrogen that was positive cases and PCR-negative cases. Although a reduced level of consciousness and aphasia were more commonly assodeoxyribonuclease-free and ribonuclease I -free (Research Genetics, Huntsville, AL) was used as a negative control. Techciated with PCR-positive cases, this difference was not statistically significant (P Å .175 and P Å .444, respectively). niques for strict control of contamination were applied [16] . To determine if the CSF sample inhibited the reaction, 10 mL
For the patients for whom the diagnosis of HSE was established by PCR analysis, the most common historical findings of the CSF sample was added to duplicate tubes containing the PCR reaction mixture and HSV DNA plasmid [14] .
were fever (94.4%), personality change (61.1%), and seizures (50%). At neurological examination of these patients, the most The specificity of the PCR products was determined by restriction enzyme analyses and postamplification hybridization. frequent findings were reduced level of consciousness (72.2%;
/ 9c33$$jy04 06-10-97 09:51:43 cida UC: CID ties were found in 44.5% of the PCR-positive cases and 6.7% of the PCR-negative cases. Temporal abnormalities shown by density lesions, edema, contrast enhancement, and, less fre-CT were significantly associated with a positive PCR assay quently, hemorrhage.
(P Å .00783). The likelihood of a positive PCR assay was 20
Thirty-eight patients underwent EEG. EEG demonstrated a times greater in cases in which temporal abnormalities were temporal abnormality in 75% of PCR-positive cases and 19.2% found during CT. Abnormalities revealed by CT included lowof PCR-negative cases (P Å .00708). A positive PCR assay was 10.5 times more likely to occur in cases in which temporal abnormalities were found during EEG. In three PCR-positive Outcome. Most (69.4%) of the patients were normal or atypical localization [26] , and mild forms of encephalitis [6, 8] . The spectrum of HSE includes forms of encephalitis had minor impairment 6 months after completion of treatment. Although normal outcome plus minor impairment and death that could be unrecognized when brain biopsy is reserved for selected cases. occurred more frequently in PCR-negative cases than in PCRpositive cases (77.4% and 16.1% vs. 55.6% and 11.1%, respecIt has been suggested that the development of a noninvasive diagnostic procedure would allow the recognition of a broader tively), the overall outcome was not significantly different between the two groups (P Å .099) (table 4) . spectrum of CNS disease caused by HSV [8] . Several noninvasive methods for the diagnosis of HSE have been studied. The Severity of disease. Of the 18 patients with PCR-positive results, 13 had an altered level of consciousness. The exact determination of antibody and antigen levels in CSF lacks sensitivity and has proven to be limited to retrospective assess-95% confidence interval for the proportion of patients with a reduced level of consciousness was 46.5% -90.3%. One patient ment only [9] . More recently, several investigators [10 -14] have addressed the detection of HSV DNA in CSF samples by with a PCR-positive result died during the acute phase of encephalitis; this patient's death was associated with neurological PCR analysis. PCR analysis has been shown to be as specific and sensitive as brain biopsy for the diagnosis of HSE [14] . disease. The other death was not related to CNS infection. The mortality rate associated with CNS infection in patients with Therefore, this assay is presently the best method for the assessment of the spectrum of clinical manifestations of HSE. PCR-positive cases was 5.6%. The exact 95% CI for the proportion of patients whose deaths were associated with CNS In this study, 49 patients with presumed HSE were prospectively evaluated. Detection of HSV DNA in CSF samples by infection was 0.1% -27.2%.
PCR analysis was used for confirmation of the diagnosis of HSE. PCR analysis was positive in 18 (36.7%) of 49 cases.
Discussion
The small percentage of presumed cases of HSE confirmed by PCR analysis probably reflects the fact that patients from eight It has been recognized that HSE is a difficult disease to different medical institutions participated in the study. The diagnose. Until recently, the definitive diagnosis of this disease safety of acyclovir therapy and the recognition that only early relied on isolation of virus from biopsy specimens of brain antiviral therapy can be successful have encouraged physicians tissue [17 -19] . The spectrum of clinical manifestations of HSE to empirically treat a wider population of patients, including has been assessed in patients whose conditions were diagnosed patients with mild and nonfocal forms of encephalitis. Because by brain biopsy. The main historical findings for patients with of the noninvasive nature of PCR analysis of CSF, the HSV HSE are altered consciousness, fever, headache, and personaletiology could be assessed and confirmed in three cases of mild ity change. The main features at neurological examination are encephalitis that otherwise might not have been diagnosed. personality change, speech disorder, dysfunction of autonomic
The analysis of clinical data showed that no historical and nervous system, and motor symptoms. Neurodiagnostic studies neurological differences existed between PCR-positive cases disclose focal abnormalities in most patients; however, such and PCR-negative cases. Clinical evaluations revealed that findings do not discriminate between focal encephalitis due to nonlocalizing clinical features were more common than focal HSV and focal encephalitis due to other etiologies [2] . signs in patients with PCR-positive HSE than in those with Atypical cases of HSE have also been described, including PCR-negative cases, but temporal abnormalities shown by brain stem encephalitis [20 -22] , chronic encephalitis [23] , EEG, CT, or MRI were strongly associated with a positive PCR assay. A temporal lesion found by CT increased the likelihood of a positive PCR assay by 20 times; however, this exami- HSE since there was widespread involvement of the brain stem, cerebellum, diencephalon, and periventricular white matter.
